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^SLS. #^ ^ 3? 3.^ ^1 ZLf- ZL 

£ ^°fl 3^ ^ ^ *gH^H CflolBj 4^Al oflej ij-^-g- tqo]Bl 

^17} 4^r7fl ^7fl^>£^ Afl^^ Ajjr-i. «V^^ H> C-flojEi 4^Al cfl ^ ^ 

£ 4 
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^■^^^{Data recovery apparatus and method of decreasing data recovery error in high 
speed serial link} 

£ 3a £ 3c^ ^#3-^5. 3M^7} ^£1^ ^-fs>r, <>il&|7> ^-f 

£ 7^: £ 6*fl 5*1^ ^Hi^eflolE^l- #Afl*l M-Efifl^ S| SSL^ . 
£ 10€- £ 4^1 CDR# ^Ml^rl H-Bl-ifl^ S^olcf. 
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51 11a ^ 51 llb^r ^aHHI 4s. £||o1b) 43l#*HH ^ 

€^ 3H M-H}^^ H^t).. 

£ 13£- ^AldfldD rcfs. ig a o} dojE-l ^-ajo. 31 



<15> 



<16> 



<17> 



HS^i £3.(crosstalk), ^o]s ^s.^ (noise coupling) ^ *g ^afl 
^tfl Tie] ^ 4-517} *fl^£]7l nfl^-oli}. 

°}B\3\}o}^ ^ 1 C-HojEll- 3]^ ^ijO S ^l^*}^, 

olEltb 31 ^-HH^ ^;n} cflo|E^l- ^-A]6\] z}z} #^f>\±r ^1 <?HH 
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jl^ -f-AHH eflolE^S] #3) #3 (unit interval )°1 lns^l*>5. nfl^- ffrjl, 

^7H>H. #3 cflolE] Aj^l^Ei #^4 dlolEi# ^#*Rr 

<is> ^^o.^., c-flojEl 4^ #*]if (over samp ling) ^, 

(tracking) ^2, sIMa. SlE^elM^ (phase interpolation) ^2: -f-^-S. t 51 

<19> Aj- 7 j <^ Afl^ig o^V CflojEi^ J2.<£ Cf^-JZf ^-Cf. 

<20> ^Al^^A^ AflS^ ^^Jl, ^AlS]^ HH^* ^71 

4^ Afl^^ ol^>c^ <^ ^OJg. Hfl^ltrCf. #7] C-flolE^^E-1 H 

s?3*l^( transit ion) ^Tj-g- ^#^>J1 ( #7l Bfl^ dHEi # 7 1 ¥*h° 

3.^3 7H> ^ -go^ DflolEil- -^JL ^0^^ #^*Vuf. <*|7HH ( #7] AflS^ 
#^ 7fl^fe CiHEiiiL^-Ei 1 7fl^ fflolE^# Sfl*]^- ^o]7Hl 4^ ^°^>7fl 

<2i> S> A o i-7i H^^o 1 ^2^1 4^ 4-§-4 ^-cf. 

<22> ^HcHH DflolE^ ^oj-ofl 0^7]. JL^fe f^3f, t-fl O] £) ^ <H] ^ ^- ^ 
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<23> #71 ^ 71)^1 °]&*\°) ^H^* <^ ^ O.JL Sfl^^Jl, 

^•71 >g#*g Efl^l^ C-flolE^l- -ftjL C-llolEiSAi 

<24> # 7 ) 3fl o]^ o]Ei# elicit ^ofl o]^- C-flolE^ ^ 

<25> n^, ^^l^oll Ai m ^^ t #71 4^M1 

<26> #71 4^ol Afl^^ # 7l ^ # o. ol-g-^ ^AJS]^ C-flojEil- ^ # 

Bl# ^Jl CflolE^^ ^t^^T. 

<27> ol ^oflA-1, ^.wl Afls.^ ^2-^ T^Uow speed) 7l## 3-§-*r°i ^*Hr 

-g-ol^V^l nfl^-ofl, ^Jl^ ^-g; ^tr 3^ *|7lH A>-g-S)jl ol^ ol e^V ^. 

«i ^S^l 1H17} t^I^- ^5,587,709^1 7}^S\o] oicf. 

*lB) ^^V( jitter tolerance) ^-§- ^ 

*>7l ^31^- cj^ol olcf. n ^31)-, C-flolE-1 ofl Z\ 7} 7 ].^# ol ^cf. 

<29> ^til^^l _SL*1 ^2:0)1 cfl^H E M^l £ 3b» ^-Jl^H 

<30> £ 1^ ^Sfl 7l#o]] ttf^ cflolEl ^tr CflolE^ 4^^J-^m M-ETi-im S. 

^°14. £ loflA-l, c-flolE-] 4^#^(io)^ PLL(ll), SLV] ^#e1(12) ^ CDR(Clock and 
Data Recovery) (13)-g- i^t}. #7l PLL(ll)£r ^ ^ (SI_DATA)-I- ±l3 

7i3-°3. 2fl^l^>7l 31 ^ 4^^1 #1^ ^l^l-CCLKA, CLKB, CLKC)# iMSt^. #7l 
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^1-^(12)^ ^7} #^ ^JLlrCCLKA, CLKB, CLKC)* °l-8-*M <#7] 31 cflol^ 
(SI_DATA)# ^ afl*l*H, ^1-^ cfl^Bl-i-(SDl~SD3)-i: 

CDR(13).£- #7] cflolE-l^-(SDl~SD3)S.^ B€3^ 3#*tj1, H 

^ ^^MH 7H> ^3 ^cH^l <^o] cflojE^l- -frJL HWE-lSAl 

<31> • ^-71 cfloiB] ^^1(10)^1 ^Mi-fr £■ 2# ^-JLSH # e] ii^*}^ 

<32> £ 2^ £ l°fl DflolEj C-flolE^ 4^ ^^^71 c^V ^ 

Efo]u o l £ olcf. £ 2°lHTr ^ ^ 7l7> «lH tfl 3 ^ 31 cfl °1 E-) 

(differential serial data)^fE] #^ ^ OHe]-!- ^-^7l ^*fl 3«fl ^.^ ^ 
S7> M-Er^cf. ;£ 2S4 31 dlolEi(SI_DATA)7l- °fl , l«lH 

<q 31 dlolE^(Dl~D3)^l tfl«ll #3 ^1JH-(CLKA~CLKC)* ol-g-*H 3*1^3 oflc^ 

<33> ^-71 31 til°lEi(D0)7r "Mul, ^-71 31 3HEl^-(Dl, D2)o] "0"°"|JI, #7] 3 

1 cflolEl(D3)7> "1"°] 7>^*>^, £ 2^ £ol, ^>M-^1 3^ c-flolE] # 3-3- 37 fl 

3 3HEi#oj £0^3.. ^, ^-71 ^olEi(DO)^) rfltr ^#*8 3H3^r "1, 1, 

1"o}jl, <#7] HMeKDIH cH*V ^H^fe "0, 0, 0"olZL ( a o v 7 ] c-flo] e^ (D2)^l cfl 

?r 3He^ "0, 0, 0"o]v±. ^y] Afls.^ cflo]El#S.^-Ei »0" £^ «0"°\] 

>M "1"3. «>^^ B^3^ ^*r*(Pl~P3)°l ^#^4. 
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<34> o] Jjj- 7 ] H^N^ ^^l:(Pl~P3)S.-^Ei 7H V ^3 <g<H2l iwlHSl ^1-^ t-fl 

<35> ZLEiM-, o] S ^ ^tt] AflS.^ AflS^ ^^j*) 3]^ Cllo)E^ ^ 

i£ofl nj-e^ dHEi 4^A] ofl^ 7 > 7]-^ol 014. 

<36> Afl^ig ^ofl o}*V ^ojE^ 4^A] dlolEi ^^o.^ o]-^^^ ^ 

-fsq- oflel7> ^g-fS £ 3a vfl*l £ 3c» t}-g-;nf ^-cf. 

<37> £ 3a ifl*l 51 3cxr ^^AS HH^} ^-f^, 4|el7> ^Mfe ^-f 

<38> £ 3a £ 3c^^i ^ *>#5.^3. JjL^ 3]^ C-fl o] E| 9] o}o) 

-£-€-( eye open) M-Hf^cf. -f}-Jr ^HEi^ ^#5]^- xj\o]B\ 7 } o}o] 

<39> ^ Afl^ ^ofl cq*V c-flojE^ J^oflA-^ M^^l^d ^(TP)^^-E-l 7R> 

1^31 A ^#^ dH^}- -B-Jl c-flciE^A^ ^ftjEi, ofle^ ^ a]^-o. #ol7] 

^ ^71 B^l^ ^#(TPHH 7H> ^E) flfe AflS.^ o]1^7> ^-71 o>ol 

<40> £ 3a» ^Jl^S, ^7} S^^^ ^^-(TP)^-^-e^ 7H V ^el "i<H*l #3(CLKB) 
£ 3b^f £ 3c# #Jl^>^, #71 B^*l^ ^?i(TP).9.S-?-Ei 7># ^e| ^o^^i fgj 
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(CLKC, CLKA)^ «H*\7\ °}o] cg^iflofl ^fl^M ®7) nfl^ofl ofla^ 7 > 7>^ 

°1 5ft4. 

<41> ^7l<4 Qo], #efl 7l^o)l 14a ^--S^lfe t^^ 31 cflolel 

o] e^*^ £-2E°1| nJ-eH tflo}El ^QX\ ofl^ 7 > ^5)^ ^^l^o] o^cf. 
[«V^ol ol- J7^> ^ 7l#^ 4*fl] 

<42> ^ «v^o] ol=j7^>^ 7l#^ 4*11 ir, o>o] ^^ullofl AflS.^ 

<43> a o > 7 ] 7l#^ 4*111- ^*>7l ^t!r ^^^HHl uj-s- 3^ ^a^H 

^1 HHEll- C-flolE^ 4^Rr #*H1 Si^H, ^ sjs ^ til 

olEl 4€s]Sl- ^SHr 4^SL tH}. #^ y a V 1 ^3- ^^M: 7> 

*U #^Jl4 ^12 Hf- t 5 ^Jit i^*Rf 2]<H£ = 7fl3] ZLf- #^A]Jr 

« CllolEi 4^5)^ 3J1 EflolE^ o>ol J2..3. <3<*ifloll ^^Hf- Zlf- # 

^JH^ S}o)^ 6\]7)o) 7 fl^ rcj-EV Jf 7flSl ZLf- ^ *>M-1- ^3 

A>-g-*H. 3! ^1 dlolE^ 4^4. 

<44> #7l 7l#^ 4*111- ^^>7l ^^AHHl ^ ^ ^£LolH 

CllolE^ 4^Al oflB] ^.g. 7j-^A]7l^ CllolEl 4^^1^ ^ , ^ S. Cf-E ^ 

7Mb *1U nl- #^Jl4 *fl2 Hi- #&J^]Jl1- 3<H5. ¥ 7fl<q zl!- 
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M-tiM* lH!*Rr #^ 1^3 3 3.4, -*7l 31 cflojEi^ o}oj ^^vflofl ^fl 

^ ^7) zif- 41*13 7fl^l 4^ ^"71 ^- 7flSl Hi- M^IJl* 

oH^S-^-o] Tj-^S-^. #3 ^1"* 7V^1^ Afl^^ ©^AlJll; 

<45> ( a ) ^71 211 ciMEliMMH c-flo]^^ ^Tfl ; 

<46> (b) ^-71 t\)°]B\^S_l?-B] ^-71 ^Ti*^ H^^l^ ^ 

7>^^^>ji ( n ^ ¥^^171^ #711; 

<47> (c) ¥33 ^71 7>£^ ^ WliU^, ¥3^1 # 7 | ^o_tg # o] 3. ^ 

#(°l*h S^*l^ ^^l^ ^)-g; uf^^ 7>^^ ^IS* #^*}¥ ^Tjl; 

<48> (d) ^7} 3HB1-I- ^*\)*\, ^7) H€*l^ ^^^Ei 7># ^E) 

1°!^ ^"71 o^fl Hfl^S]^ ^-71 AflS.^ DIM EH- -H-JL til °1 3 

#3*Hr ^1; 

< 49 > (e) ^7} ^-71 4^ S.^-7> ^"71 H^*l^ 

€ «fl, #7l #§^J>« cj^l; ^ 

<so> (f) av 7 i (a) ^) a o v 7 ] (e) ^.g. av^ ^Tfll- 5L^-*Rr 
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<5i> ^ ^4 £ ^^o] ^ ^Alofl o]s>^ ^s)^. s-^-g- 

#-g-«l olgfl^l iflafl/^ £ -g^S} ^Al^l- ojlAl^Kr ^ £^ ^ 3E^<*fl 

<52> o)§> > ^ «.*V 51 ^-fr wV^fV ^Aj^l- *H3^o_S*|, av 

^ -$MI*1 ^ S.^ Xl^m ^°^t!r ^-^-Jlfe -S-<atb ^vflrf. 

<53> 51 4^r ^^Al^ofl tc}-^ Jl^ ^32] 31 C-HolB] ^-A]^; Cfl 

<54> 51 42}- ^O], -g. i£tgcq Qj^oflofl ttj-^. cj) oj E-] 4^*1(100)^ #^ ^S|S. 

(200)2]-, s) S (300)^ ( 5LtH ^#s|(400) ^ CDR(500)^- i^-^. 

1^ S)S(200)^ *fil vfl^l ^|3 ^1-^ ^Isl-CCKODl, CK0D2, CK0D3)^g- 5Ef-*Rr 

afll ^ISCCLKODD)^, ^14 ifl^l ^16 M ^lS#(CKEVl, CKEV2, CKEV3) 

-§- i^Kr ^12 ^(CLKEVEN)* t^^-rf . 

<55> £ 40^ ^ ^ s\ 3.(200)7} 37fl£] ^ S^Rr #71 

*fll ^ ^71 *H2 ^1Jl(CLK0DD, CLKEVEN)* ^SRr ^sq&xjuV, # 

7l ^ ^7l *fl2 A]jr(CLK0DD, CLKEVENH1 i^xr #^2] ^ 

<56> ^-71 5)^(300)^ ^(SELlHl -g-^H, ^71 

^f- #3 ^lS(CLKODD)^, ^-7) ^12 ZLl- ^IJl(CLKEVEN) ^ <Hi=. e>uj-» #^*!-cf 
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<57> #7] ^.ai ^#e^(400)fe #7l #^ ^ ^5.(300HH #^s1tt #7l afll 
#7] ^]2 4!JL*(CLK0DD CLKEVEN)* jl4- ^ ^ 

Bi(SI_DATA)» 4^ Ti^-^-S. afl^l^jl, *f|l ifl*l *03 c11o)Ei*(SDATAl~SDATA3) 

<58> >£7l CDR(500)£- #7l ^11 vfl^l A o v 7 j ^ 3 cflolEil-(SDATAl~SDATA3)S^-Bl 

H^l^ ^>-§- 3#*Ka, ZL B^l^ ^TiAS^-Ei 7># ^ rto]^) AflS.^ cflolEi 
1- -FtJl HHeI^ t^-sj-JI, 4=HM -ff-jL cflo)Eil-^- tg^ c-11olEi(PA_DATA)S.Ai #^ 

<eo> 5= 52f ^-ol ( ^ m}-^ s]S(200)^ PLL(210)2f AiJL #^ ^ 3t|s.(220)» ^1 

tb^f. #71 PLL(210)£r PFDCphase frequency detector)(211) , $2. ^ 

(loop filter)(212), VC0C213), ^71(214) ^ ^ 3#7l(215)» SL^tt^. 

<ei> ^-7) PFD(211)*r 7l§ #^ ^lJl(CLKREF)^- ^ ^lJl(CLKDIV)^ 3# ^ ^ 

sHr# ^ ^IJL(UP) ^ i=f-gr 4IJL(DN)# 

<62> #7} *>*1 ^ €3(212)^ #7l <3 ^IJUUP) SL^r #7l t}£- ^(DNHl 

itl-Ej- tf}-^ ^^Mi, *1H ^(VCTU* #7l VC0(213)^ 

#71 *IH ^(VCTLHl -g-^H, ^4^r» *fll tfl*l ^3 #s] a] 

Jll-CCKODl, CK0D2, CK0D3)^- i^Hr *fll =L& *}J: (CLKODD)* # 7 1 

^71(214)^ #71 ^13 ^1^(CK0D3)# i^a) ^#5. -g- 

^ #^ #^(CLKDIV)» ^7H1^ ( Aj-7] -g-^7l(214)7> #7} ^13 
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^1S(CK0D3)» -g-^SKr £Als]ojo.i4 ( ^7} 5E±r <#7] *fl2 #3 a] 

S(CK0D1 £&xr CK0D2)» t£ 5^4. 

<63> ^-71 ^- ^#71(215)^ ^ ^l^(UP) HL^r 4£ Al^(DN)^ #^ a} 

^Al*>^ <^aJ- ^-/cy^ ^T-Efl^ ^#^JL ZL ^#a1^(DET)» ^^^-(nl^ADcHl % 

<64> a o v 7 i A^y. s]^(220)^ afli zl# #^ ^1^(CLK0DD)1- ^^1*>J1 

*fl4 xfl^l ^16 ^Sl-CCKEVl, CKEV2, CKEV3)* i^Rr *)12 Hi- jr 

(CLKEVEN)l- t^fVcf. 

<66> £ Aj-7] VC0(213)^ V/I ^3(21), ^3^(22-24) ^ 4 

^ J=e}-o|tH*(25~27)# S^t}. ^ V/I ^^(21)^ *1H ^(VCTU* 

V/I ^^1-^ z\)o] ^^-(ICTL)I- A oM ^elH tHs]l:(22~24)£: -# 7 ) 

(CK0D1-CK0D1B~CK0D3-CK0D3B)^- . %7\ *£%}o] tt^ l-(22~24)£- 

#3:^ ^ls7> o^^^o.^ <a^^q-. 

<67> Aj- 7 | Ji^cq =H^ol^-i-(25-27)^: #7l ifl-^ #s} ^ JLl-CCKODl-CKODlB- 

CKODS-CKODSB ) -i: ^<?M *fll *ll3 ^3il-(CK0Dl~CK0D3)^- 5L^Hr 

*0l ^-1- M ^S(CLKODD)^- #^th=K 

<68> a o v 7 ] A ^y, # ^ ^ 5)5.(220)^ ^E^5fl°l^(interpolator)l-(221~-223) 

^ $£4. Aj. 7 | olE^eflo]Ei(221)^ #71 vfl^- #^ ^1«(CK0D1-CK0D1B~ 
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CK0D2-CK0D2B)-g; ^*]S}JL, #7l <*1*-}%:A°]^ (222)^- #7) ifl-Sf #^ 
(CKOD2-CKOD2B~CK0D3-CKOD3B)^r ^§>J1, #7l ?J ^ # 31 °1 Ei (223)^ #7l ^ «- 
^#(CK0D3-CK0D3B~CK0D1-CK0D1B)^8: ^th}. #7l 4^2] < y^#^l°lBl#(221~ 
223 )£- ^14 tfl*l ^16 #^ >0J:-i-(CKEVl~CKEV3)^: S^*}^ *fl2 #^ 

(CLKEVEN)* 

<69> JE 7^ £ 6<>fl 5^1 € ^H^eflolE^l- M-Bfvfl^- S|S.£olcf. 

<70> s. 74 ^-ol _ oiE^eflo]Bl(221)^ ^2| PMOS B3i*liEil-(31~34)2}- ^Hr2} 

NMOS B3}*1^E| #(35-40)-!: i^tf. #7l PMOS B3N^-I-(31, 34)2} TlMB^^r 
±^9) ^o\#<£(\c)°] 1^^. #7l PMOS B 31*1 ^1(33)21 TlHB^ t c 
(N0DE1H1 JL, #7l PMOS B 31*1 ^(32)21 TlHB^ ^2 ^=(N0DE2)<^1 

. #71 PMOS B 31*1 ^#(31, 32)2} ±^ ^^(VDDH] <£&s\5l, #7l 
A2 i^=(N0DE2)ofl ^^^cf. ^, PMOS B 31*1 ^#(33, 34)2} d^hfe #7l ifl^f 

^(VDDH ^^SlJl, JE.efl<y^r #7l afll iiJELCNODElH ^^^4. 

<7i> #7l NMOS B3l*l^E|l-(35, 37)2} 7fl<>l;E6j|^ zfz* #7l vfl^f #^ 

(CK0D1B, CK0D2BH ^^s)aL, ^.ell"?!^- #7l afll ^:EL(N0DE1H1 9j^i=h 

<72> #71 NMOS B 31*1 ^#-(36, 38)21 TlMB^^r AA #7l vfl*J- ^s-&(CK0Dl, 

CK0D2)ol •g^Slol, — s)l^l-c- #71 7j|2 i^E.(N0DE2Hl <3 

<73> #7l NMOS B 31*1 ^ #(35, 36)^1 #7l NMOS B 31*1 ^1(39) 2] -^ell<el^l 

<a^s)JL ( #71 NMOS B3i*l^Ei#(37, 38)^1 ±^ #7l NMOS B 31*1^ (40)2) jBefl 
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<74> #7l NMOS H 31*1 ^^-(39, 40) ^ 7flolEofl^. ±^9] *}o)o]^ ;£<y-(VB)°l 'S'^m 

(NODEl)Sf <#7] *fl2 ^=(N0DE2)^_ *j|2 #^ -tlJi(CLKEVEN)^ *fl4 ^«-*y 41 

Jl(CKEV1, CKEV1B)» *M ^1^ 1-^1 (221)^ tfltfl^ 

^ -*7l 313^*1 3*(222, 223)5] ^ ^a] # 7 1 

Ei(221)^ o]6\) tfl^ ^3 ol ^ ^ ^ ^ ^e^tf. 

<75> ^HH, sfr 7 ) NMOS H«*l^El*(39 f 4 0) o} ^ r^B}- Aj- 7 j 1 ^ 

A o v 7l ^12 #^ -tl^-l-CCKODl, CK0D2)^ ofl^ aH^ ^7} *)U 41 

JL(CKEV1)£] ofl^j ^^7> ^ ^cf. 

<76> l-O], Aj-71 NMOS B 31*1^(39)^ *dfT ^ 7T§H 3 3. ^o. j Aj-71 *fl4 

#^(CKEV1)£] ^1^1^ *fll #^(CK0D1)£] ^Ml^S ^l-^-^Tll ^cf 

. tiVcfls, NMOS H^^j^E^ (40)^1 ^ ?f ^^1 ci ^ ^7) ^)4 

#^(CKEV1)£] <^1^1^ ^7] ^12 €-£|(CK0D2)£] <H]*l^iL^ 

<77> Jg. ^oflA^ Aj-7) ^4 AflS^ #g}(CKEVl)2} «\)*}7} ^7} *fll * ^ 2 A*^ 

^ #^-&(CK0Dl, CK0D2)^ oflx) A>ol^ 1/2 *]^ofl 3*1^ ^o] ti^^t)-. 

<78> _£ 8£r JE 4<H1 iEA]^ AjEH 5]^!- Aj.^^ ^E}-V^ 

<79> ^ 8^ ^-ol, ^7] ^ aIhh 4)^.(300)^ ^^(301-303)5. ^€ *r 

91^. ^7) ^^#(301-303)^: *fil ifl*l ^13 ^1^#(CK0D1~CK0D3) 

^ ^4 ^16 <«#^ #s) ^^(CKEVl-CKEVS)^: ^4!W-. 
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<80> #7l ^i-i-(301~303)-^ *m *)H#Jl(SEL1H1 -g-^-^H #7l 

#71 ^13 ^1-^ #§i ^Jl»(CK0Dl~CK0D3) SE^r #7l *fl4 ifl*l #7l *H6 
#^ #S#(CKEV1~CKEV3)^ *>M-# 
<8i> £ 9^ £ 4*fl Slu] <g£-iH« ^Ml^l M-E^-i-H^ 

<82> £ gsf ^#ei(400)^ sfl^l ^S.#(401~403)S ^ 

^cf. £ ^71 S.^ ^l^UOO)^ 37fls1 efl^l ^11 ^sq&^l'S, zfl^m cfl 

<83> #7l 4^^] efl^l s] 5.^(401-403)-^ ^11 ^3 ^Is-1-(CK0D1~ 
CK0D3) *fl4 ifl*l ^6 ^3-#(CKEVl~CKEV3H -g-'iHM , *r4!3fe ^ 

1 cflol^(sij)ATA)» afll tfl^l all 3 ^#=8 dHBl-i-(SDATAl~SDATA3)* #^ 

<84> £ 10^ £ 4<=H1 CDR# #^1§1 q-Bfifl^ 

<85> £ 104 #71 CDR(500)£r H^^l^d ^#^-(510)4, 7>#7l(520)fif, cflolB] 

^-¥-(530)^, c-flojEi #^^-(540) ^ ^Bfl«.(550)* SL^i}. 

<86> # 7 j H^H^^d 3 #^(510)^7 *fll ifl^l ^13 XOR TiM HI- (51 1-513) 5 4 1 

#71 afll XOR 7lMB(511)^ <>l*Hl all 3 ^1-^3 cflolEi(SDATA3(N-l))4 « 

7fl 4*413 afll HHeKSDATA1(N))(N£: lol#oj 7>^^)1- fee] <?!#5H *fll 

tflJf ^51(0PD1)« #7l *H2 XOR 7ll°lH(512)fe- ^-7] *fll z\]o]t\ 

(SDATAl(N))^ 7fl2 3HEKSDATA2(N))« 7)12 a!Jl(0PD2)# 
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^13 XOR 7flolB(513)^- <#7] m cflol^(SDATA2(N))sq- ^13 

^ 3Mb-KSDATA3(N))» fesl ^^HH ^3 ^ ^1^(0PD3)» #^th=K 
<87> o^HH, #7] afll ifl^l #7l *)]3 ^-*f ^3L(0PD1~0PD3)^ aps.^ -g.^ 

<88> a o V 7 ] A>olofl^ M^slI^ s.^ ^ c] 

<89> £ lOolH, ^-71 *fll ifl^l ^-71 z\}3 ^#^8 clloiE-1(SDATAl(N)~SDATA3(N))#. 

5fl^l§>7l ^S)] ^1^7> *fll ZL# ^IJL(CLKODD)^ vfl 

*1 ^13 ^JL(CK0Dl~CK0D3)<y $£.3. 7>^^>. 5£, #°]^ # 7 1 

^1 #3 ^1J:(CK0D1)^ e^o]^ 6)}*\<2). AflSig ^]Jl(CK0D2)^ 

*fll #^ ^-71 ^2 #3 ^1Jl(CK0D2) 

^ eH^ 1 o]]^^ ^. 7 ) ^13 Afls.^ ^ls(CK0D3)^ e}-°Ri ^H^l *fl2 

M ^^>°1^ *>i, ^"71 *fl3 #^ Ais(CK0D3)^ ej-o]^ <H1*]<2}- #7l *U 

^ #3 ^lJl(CKODl)^ ^ol^i ofl^ a>o]^ 3.3^ ^ 3 ^ol^ tJ-tf. 

oo> ofl-i- s.<^ f ^-71 ut]tL Aij L ( 0 PDl)7]- "1"<?1 ^-?- ( #7) *Hl #^ 48 -f- 

^ B^l^£ ° a v ^ ^7H£, ^-71 ^12 tfl^f ^ls(0PD2) 

5+ ^"71 ^13 tfl-f- ^1^(0PD3)5.^-Bi zj-z]- ^1-71 ^12 ^ ^71 *fl3 ^?H]>M z}-z}- a« 
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^"71 7KV7l(520)Tr afll *fl*l *I13 vflJf a1s(0PD1-0PD3)# ^r^l^Jl, 

7>^7l(520)^ ^71 7>&*3 Hliil*H, H^H^^^l 

^€ #^ ^7J, ^, H^fl^l^ ^^r* ^#*>J1, 3. &3±3.*\ AlJi(CNTl~CNT3) 
♦ #7} cflolBl ^d^«-(530)^ Aj-7l 7>-gr^ aJ3l(CNT1~CNT3)4| -g-#*M , =±: 

(520)^ >^7l .afll B^Alo] 7}$- T$o] ufl, #7] 7>^^ Als 

(CNT1~CNT3)# "100" °-S. Aj- 7 ] cIMe] a]^ a]^(SEL2)^ H^H^l^^l ^>^- ^ 

7] AJ^(CNT1~CNT3)7> "100"olH.^ ( #71 cflo]El Ai^ AlJr(SEL2)^ #7] HHeI 

#^(540)7} Aj-7] X)3 #3 Als(CK0D3)<=Hl efl*l=lfe #7l ^3 >gl-*9 Hi 

^B](SDATA3(N))» -R-Jl c-flolE-ISAi #^KEL^- *!HtH}. 

Aj-71 Ai^«-(550)^ s&7] AlJr( C NTl~CNT3)« #a1*M #7] afll 

A o V 7l *{|3 M ^7}o] 2.=- H^^]Ai ^JLS. € Aj-71 #^A1JH-^ ^ 2 

AJ^(CLKEVEN)5. ^*KE-i=- *lH*Kr M A1^(SEL1)» 
Aj-71 #§i AiEJjH.( 550 )^ Aj-7] ^o.^ Als(CNTl~CNT3)« ^oj 0 R 

^71 *fil ifl*l M ^##°flAi 3.^ H^lAiol o}JjL=. ^t}-^ 

^ <>1» # &\ #4*1 ^S}-^, Aj-71 AlJi(CNTl~CNT3)7> £4^0.3., " 

100", "010", "100"-4 ^-ol <g^5) fe ^jo.S 7>^^- nfl, o] 3.^ OR ^Aj-^^ » 

110"ol A o V 7l <?!A> ^ "100"°.^B\ Aj-7] X)l ^-?_V32)- Aj-71 ^fl2 #^ ^#6\] 
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^ #7l H31*l^°l ^s\^ eg + oi^ o] ^L f »001"^ #7l ^IJl (CNT1 

~CNT3)7> ^^5]^, "110"4 "001"^ OR <£# "m"°l €4. #7] ^^-^ 

(550)^ #71 ^47> "111"S € nfl, #71 *fll vfl^j ^13 #5] 5.^- H^l^ 

°1 ^5)^ ^tlrcf. ^, ^-71 #1} ^?il-ol 2.^- B€*l^ ^ 

<95> ^HA], #71 #31 2-¥ H^^l^ol trfl^, £ ii a ofl 3 

4 2°1. 3^ ^H^N o}o] <5_-g- c$Q*xJ(\*)} #^21 Hl-ol^l o)1^7> l 7 fl ^7fl*Hr 

3* ^I^Keis., 4^ ^H^Hl ^7} *H3€ 7Hr#ol ojcf. ofeM, ol nfl^ £ 

llb°fl 3^ ^-°1, #7l o>ol ^ cg^tfloll #7] #^2l H^oj^ 6fl^7> 

4^711 ^7fl^}£^- S>7l ^«n, #71 -t^ol AV 7 | ^ 2 ZLf- ^!3L (CLKEVEN)S 

€-SL7> &t}. £ 11a ^ £ llb<*lMfe #71 *fll #&| ^SCCLKODDHH # 

71 A]2 nf ^ls(CLKEVEN)^. ^^^^ #7l °>°1 

ojo^ofl ^fls}^ -ai-71 #^ 2}-°l^ ofl*l ^ n. *}t$g_ ^51 

<96> Cf^S, #7l<2l- Mj-^ofl ^olEi ^^o] ^^.o. £ 4 ^ 

£ 13^- #ul*M 4^-4- ^4. 

<97> H 12^ £ 4^1 cfl ol Ei 4^ #^1^1 ^.S. ^IslrSl EH ^S^l £ 

13-& ^^1 ^^AHHl ^ 31^ ^11 dlolEi t-fl ol Ei 4 

^#*1°1 c-flolE^ ^ *#£olcf. 
<98> ^ofl el*V cflolE^ 4^ #*1°1 ^ 4^^. ^t^^l^l o^ f 

^71 ^11 ifl^l m ^1^1-(CK0D1~CK0D3)* S^tt afll nf # 
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3 -t]JL(CLK0DD)7> 7}$^. SE, #7l X]l ^ls(CKODl)^ 

e)-c}^i ofl^sq. ^- 7 } ^2 ^1-^ #^ 4!:£(CK0D2)3 eM^ ofl^ ^H^l XU # 

3 ^^Volel- #71 Xl2 ^S$nJ #3 ^1S(CK0D2)^ ^o]^ 6\)t]9\- ^7} Xl3 

#^ ai^(CK0D3)^ e^-oi^) a>o]o] 3.30. ^ 2 # ^ ^^-oie}- # 7 } ^3 a* 

#^ ^1J:(CK0D3)^ Bl-o}^ ^xlsq- # 7 1 XU #3} ^l^(CKODl)^ ofl 

5. 134 31 # ^ 3# -tl^(DET)7> <?l<Hloll: ^^(1001), 

tHolBi(SI_DATA)^Ei xfl-^iy HH e^ (SDATA1~SDATA3)1- ^#^^(1002). <^ 7 1 

#71 ^7)1(1002)^ itH ^#&|(400)o)l ^«fl ^^^cf. #7l ^#ei(400)^ 
£ 12<H1 £.^1^ ^4 ^-ol, ^7l 2i#<L3. #71 XU tfl^l #71 Xl3 

(CK0D1~CK0D3H1 -§-#*M #7l ^ 31 E^ (SI_DATA)1- ^ 1}2><LS- tH*}*}^ XU 
ifl^l ^H13 t-11olEl(SDATAl-SDATA3)l- 

0} ^, CDR(500)^1 H^^l^d ^#^-(510)011 2\n #7] cflolEKSDATAl- 
SDATA3)5.^ #71 XU ^x) #71 7113 H^^l^^l ^^-7> 

. ^^oflA-l, # 7 1 HSH^l^ ^#71(510)^7 0 J33^r #71 HH^CSDATAKN)- 
SDATA3CN), SDATA3(N-l))^r ^ <£#*]-<X , XI 1 vfl*l XI 3 M1^JL(0PD1~~0PD3)1- #3 

#71 XI 1 vfl*l #71 XI 3 m-¥-^l3L(0PDl-~0PD3H ^ #71 XI 1 vfl^l #7l XI 3 # 
^ ^^HH J=31*l4i<X tM83fe*13 o^«. 7 > ^^uf. ofll- 1-^, #71 XI 1 tflJf#JL 
(0PD1)7> "1"^ #71 XU #^ ^?_HH B€*l*i°l ufEl-tflji, »0"<a 
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<ioi> #71 A2 vfl^JU0PD2)s}- #7] XI 3 ^^S(OPD3)£ #7) Xll ^^}Jl(0PD1)2}- 

v}&7\x]g. zj-zj- ^V 7 ) *fl 2 ^ ^-71 X]3 #^ ^HH H^l^ ^3 <X^-# 

<102> g:, CDR(500)^ 7><+ 71(520)^ #7l XU #7l Xl3 #3 ^Tl^t H^H^l 

^ ^ 5^r# ^^V-H, 3. 7Ht^ ¥3*1^(1003). # 3 #X1*1 ^15} 
^, ^"71 7>^>7l(520)^ #7) XU tfl^l -#7] XI 3 ^^-^1S(0PD1~0PD3)7> "1"^ *IM4 

<103> ol a o v 7] 7>AV7l(520)^ z]- ^#13. ¥3€ 7>-gr^ ^jtl-a- W]J1^H, H 

*ffl*l^ 0 l 7>^- #<X #^ ^7>, ^, H^*l^ ^7}-^ ^-z\-^tt 7}^ ^}JL(CNT1 

~CNT3)1- #^^(1004). 
<i04> 4^1, M ^^^-(550)^ -#7l 7>-g:^ ^1J1(CNT1~CNT3)« a o v 7 ] ^ 

*fl*l ^r7} XI 3 ^-7}^o] s.- 4>7l H^H^l^ ^-z>o.S 5]^1^ ^c+*V4 

(1005). 

<ios> j£ 7 ] #3l(1005HH, #7l XU tfl^l #7] XI 3 #3 ^##01 2-¥ ^7} 

^TjrilS. sl^ ^-f, #^ XI 2 ^l^(CLKEVEN)^ Xl4 ifl*l XI 6 

^lsl-(CKEVl~CKEV3)S £^ tWl006) . ^HH, #^ ^-7}^ 

°1 A oM B€*l^ ^7>O.S. €l=Kr 3£r Zj^ tfl o] b-I 51 o>ol £S ^^ifloll 
si sfoi^i ofl^ 7 > *>M- ^Xl*>^ 3^ q-Ef'dtl-. o] ^, # 7 ] #X1 (1002)3. sJ^*M 

^71 -B^S* H>4 ^^*lCf. 
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<106> se, # 7 ) #7)1(1005HH, £€- #3 HSB^|>a ^o.^ ^.f, 

(1007). ©1 ^, >y-7l ^711(1002)5. 3}-^*^ al4 

<107> ^yloflA-l, ^-7] #7)1(1006)2}- AflS.^ # ^ol ^^51^ ^ o. ( Al^O. 

^71 #^ofl 2]*fl 2fl^m C)lolEi7> <y^ € nfl^l^ ^ 

<108> ^. 7] ± q x\Ur #7l #7lHl007)<HlAi^ o.^ cflolEi °- aflsq^ C^. 

^11- «-<H, ^71 ^7} *fl2 #^ ^1JL(CLKEVEN)3. 

nfl, ofol ^ <S<*^ ^711^ ^ 7 fl^ #§^Sl ej-o^l 6\}x] ^d]}*] o_& § 

7l ZLl- a15KCLK0DD)S «fl, 6 >°1 ^^^^ €^l]*Hr ¥ 7fl^ >g 

eW^S «11*1 f^H ^ s]«fl 2fl*m dH^» -B-S: dH^iM # 

<io9> ^ ^ o. x^^chi ^Hlt- ^-jis. -g^^M- °l^r <^13<?1 3H1 1-4 

^ 7l# -£0)0} ^l^o. o}S_*^ cfoj:^ £tg ^-*|- Ej- 

^Al^7> 7>^}tf^ ^ Olgfl^- 7$0)Z±. ^ 7 1^3 J^Jr «^ 

^ ^£ ^^^^ 7l#^ A>A H 1 o^fl ^gfl^o]: %o]t±. 
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<110> ^-71*1 ^34 £ ^<H1 ^tb tflo)B] 4^*1 £ ^ 4^ u ^^r 3^ 
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1] 

7>*l*r Till ZLf- *fl2 nf 5Lf-^ *\ 

°]5L *T- 7fl^ ZLf- fsjAitti. iH^Rr ^ sis.; ^ 

#7l cflolE^ ofol _£-g. ^^tflcHl #7l ZLf- A] 5:1-^ ^o]^ 

7^1 4^ #7l ^- 7^ af #S}#Jl# ^ ^ *>M-# AjEP^ o,^_ A}-g-*}c*| 
, #7l 3]^ cflo]Eil- #7l ^ig ^olE^ ^*Rr C^olE^ 4^1 5] S# i^Hr 
^-^^.S Sfrfe- JL^r ^£L<HH o] Ei 7 a V^A] ^ dlojEi -4^ 

2] 

^11%H1 5U<>H, # 7 1 C-flolEi ^5)^, 

#^ ^ *!Jl<>I1 -§-#«H, A oM *1U af # 7 1 ^12 zl# # 

#7l #^ SlS-^E] #7] ZLf- #1}#;M -§-#*H 4J-71 2]^ t-1] 

^"71 ^1-^ ^H^^l -§-#*H #71 Ai^fl Aj^l- f^JI, #71 

CllolEl-i- ^oflA-1 ^>q-^ -fl-jL cflolE-l* # 7 ] 0.5- cflol 
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Eilr-i- 5L^-*Kr ^1 ^o]Ei» #^*Rr CDR* 5LW^ #7l #5i ^ ^Jit 

AH el 4^*1. 
3] 

^12%H1 9l°]*\, #3 M sls^, 

rMJ^ Aj^oji -g-^-^fcx] Aj-7i zl# -i-^Alsl- iH^Hr PLL; ^ 

[^T 1 * 4] 

^13%H) 5U°H. 

^71 *fll ZLf- Cf^ o^Kg. 7}X ]^ 7Ao]5i vfl^l ^3 ^#*y 

^-71 ^12 ZLl- #^A]^ cf^ o^Kg- 7>^^ ^o]^ ^ 4 vfl^ ^6 #^a] 

l^tt 5] 
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#7l A-m #e} *H8*|3.fe Sl^tt #7l e^-oi^i oii^s.^ 

3. JUp 3^ ^H^l^i C-flolE^ 4^Al 6fl&| Al ?] i=- cflolE-1 4^#*1. 

13 T 1 * 6] 

XH^Hl #7l ^« #^ ^^sls.^, 

#7l XI i * #7l XI 2 ^1-^ #^J^1 -§-#*M #7l XI 4 ^1-^ #§1#3:» 
>lH^Kr XU >H« ^^s.; 

#71 XI 2 £ #71 X13 M^lJLofl -§-#*M s£ 7 ] *j| 5 AflS^ #3}AlJr» ^ 

^*Rr XI 2 *UeL #2} 1^35.; ^ 

#71 XU ^ #71 X13 M^tiM -g-'iHH #71 XI 5 M^UL* 

lH8*Rr XI 3 a-1« #S) Mj-^sl^^- £^*Kr 3# ^SLg. 5l4=- ^3<H1^ 

71 

X16%H1 S^i, #71 XU #71 X13 

^E^EflolE-lo] jv^ 3]^ ^5L<M C^olEi 4^ A] c)]z\ 

* ^Al7l^ C-flolE^ 4€#*l. 
8] 

Xl6%Hl 5a<H>H. 

#7l XI 4 #^^ls^l eM^ ofl^ #7l XU ©^jro} ej-ol^ 

#71 X12 #3^1 J: ^ ei-oi^i ofl^i a>oH1 ^l^l^ji, 
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^1^ #7l *fl3 °fl*l *V°H1 ^^Jl, 

#71 ^16 sl-o]^ oflx)^ # 7 j *fl3 ^f-^ #^Jl£] eH^i ^1 

#71 *fll ^f-^ Bl-o^l ofl^ AfoHl <H*l«5Hr ^ ^105. ^ J7 

^ ^11 ^i3^H C-flolE-1 J^A} 7^-^71^ CflolEi ^€#*1 . 

9] 

^114%H1 5^*1, #71 SlS-TT, 

#71 *fll Hi- #^AlJlfil- #71 *fl2 ZLf- fSl^it #71 ^ ^1 

3L<Hl -g-^M , #7l ^l zlM- W^IIzlQ #71 ^12 nf- ^ 

^ ji^oj ^BH-BJl^^^- i^Kr ^^-S *>fe *33°fH cflolEi 

4£H <W #^l?lfe C^olEi 4^#^1. 

[^T 1 * 10] 

^12^1 5^*1, 

#71 M ^ sl^L^^LEi #^£l^ #71 ZL-§- #^#JL^ Z^o] E\o}^ ofl^s. 
?_>S1 ?J-3#5. 4^ #^ ^Tilr-ir it 

#7l CDR^r, 

#71 4^ dlolE-ls-ofl -§-#*H, #71 4^ ^-^V#ofl^ H^^m 
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1^ ^^r» ^bSr^Kn, 7>£^ ^« ^°J: zj-zj" ¥3*1 ¥33 

11] 

^lio^i sa^i, 

^71 Aljr^ >£ 7 | 9 yo_v£ £o] 7>^- #^ ^^(^l^V, H^*1*I 

^ 7K> iH*} #7] "M^Ul^I ^ efl^S)^ Aj-7] C-11o]Eil- # 

71 -frS. cflolE^A^ f^SRr *Hr i^r ^fi^H eJMeJ ^-^ a) ofl 

si Ir^-i- #^*1 ?l¥ Cflo]El *M4#*1. 
12] 
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^•71 #3 Aj^jrofl -g-^-^H , #7l afll ^7} *fl2 ZLf- 

41JL1-S1 ofl^l7> -8-71 ofol <^^^oflAi Ji^ 7 fl €^l)*Hr ^7} H-f- 

°fl si ^3 * #^1 71 ^ cfl o] E] . 
[^iF* 13] 

^]12%H1 sa<>H, ^-71 #^ 

^•71 7>£*g Al^l- #Al*H, AV 7l 4^01 #^ 7*H&°1 2.= Aj- 7 j B«*1<S ^ 
#_C S nfl> ^-7] <id^33.7> ^7} SLK\ ^#&H ^£l^ ^"71 ZLf- #^A]Jr 
# £^SK£^ *fl<H^Rr #71 A^Al^ ^ Jl^ z)g 

^l^i K\]o)&\ 4^Al Oil 51 ^A] ?ji=. CflolEi 

14] 

5. ¥ 7flS] n# #^^l«^r <§Hl*Rr ^ sl^-sq-, Aj-71 3]^ C-flolE-121 o>ol 

€r ^fl^Rr Aj-7l ZLM- #^Jll;2| ^o] ^ ofl^o] 7^^ ttj-e]- #7] - 7 fl^ 

# ^>M-# Ai^^o. S A>-g-<5)-a} ( ^7) cfl olEi# ^-71 

C-flojEiS. ^-^Kr t-flolEi ^-^2)5.1- ^1*}^, ^7l ^ol£ J= 7)121 ZL# ^^AJ^S. 

°1 ^ ofl^s-Ti^ #3 §3. #^ ^^>l-# 7M^ 4^51 

(a) ^7] c-IIoIe^^-e^ 4^2) Ajf^ cflolEilr-i- ^#*Kr cf^l; 
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(b) #71 4*^3 >g#% dloiE^^Ei #7] #^ H$*l# f3 

B$*l^ ^^l^ ^-)^ i^iflfe 7>£^ #^*>fe ^1; 

(d) #71 4^T^ ^#3 CflolE-l-i. #7] H^^l^ ^#^5^ 7># ^ 
l^^l #71 ^1-^ #^Jl°11 <a]*f) efl*!^ #71 C-flolE^l- CflolEiSAi 

#3*Rr ^1; 

(e) #71 AlXl- #71 #^ # 7 ) H^^j^ 
^-#£L3. ^ nfl, #71 £^*Kr ^1; ^ 

(f) #7l (a) #31 ifl^l #71 (e) #311- #4 ^*Hr #7H«- i^Rr 53* 4 

15] 

*l| 13*41 &°H, #7l (e) #3l^r, 

#71 *\°]5L ^ 7fl^l nf #^Jl# f^H, #71 

4l^l7> #71 t-flolE^ oj-ol <$<*^d\}*\ 4^7fl €^fl*Rr #7l ZLf- #a}4UL 

3. £^Kr *}^r -IL# ^ ^EL°\}^ tl)o]B\ JZ.<£X\ oflE-1 >£^.g. ^Al 

71^ cflolEi 4€#*1. 
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